Applying magnetic fields around a beam chamber seems to be one of the effective methods to suppress the generation of electron cloud due to photoelectrons and, therefore, the beam size blow up of the positron beam observed at the KEKB.
INTRODUCTION
To overcome the beam size blow up of the positron beam is one of the most important issue for KEKB at present to improve the luminosity. Many simulations indicated that the blow up is due to the electron cloud around the beam [ 11. This cloud would excite a head-tail type instability of the beam. The seed of the electron cloud is the photoelectrons emitted from the chamber surface irradiated by the synchrotron radiation (SR).
The previous experiment to estimate the photoelectron yield using a copper test chamber showed that the photoelectrons emitted from the surface have an energy of less than 5 eV at most [2] . The magnetic field near to the surface, therefore, can prevent photoelectrons from going to the center (beam position) of the beam chamber. A magnetic field produced by small pieces of permanent magnets or solenoids, therefore, can be a useful method to suppress the blow up of the positron beam at relatively little expense.
The purpose of this study is to investigate the effect of a magnetic field on the number of photoelectrons at the beam position. The photoelectron current of electrode located at the center of the test chamber was measured for various magnetic field configurations generated by permanent magnets or solenoids. The measurements were also performed for the smooth surface and the sawtooth surface [2] . For some cases, a positive potential was applied on the electrode to assume the positron beam.
EXPERIMENTAL SET UP
The BL-21 beam line at PF (Photon Factory) at the KEK was used for the study. Basically, the experimental set up, the parameters of the SR and the structure of test chamber are the same as the previous experiment [2] . The critical energy of SR is 4.1 keV.
The inside structure of the test chamber is shown in Figure 1 . The test chamber is made of copper. The diameter and the length are 94 mm and 300 mm, respectively. The SR irradiates the chamber surface at a mean incidence angle of 3 degrees (52 mrad). The irradiated length is about 100 mm.
In order to see the spatial photoelectron distribution, 15 copper electrodes (12 mm x 30 mm), five rows axially (No.1-No.5) and three lines azimuthally (A,B,C), are arranged above the irradiated surface. Here we focused on the photoelectron current at the center of the chamber, that is, the current at the electrodes of A line The permanent magnet is made of Ferrite. Table 1 . The uniform magnet field, { N N " ) , is more effective than the alternative configuration, { NSNS), to reduce the photoelectron current. Furthermore, the bending magnetic field, {B), is better than the qudrupole configuration, { Q). The case of { NNNN) { B ), the peak l,,/lb is less than 0.6 % of the value without magnet. The reduction is, on the contrary, about 30 % at most for the case {NSNS). The results indicate that the uniform magnetic field is important to reduce the photoelectrons at the beam position. 
RESULTS AND DISCUSSIONS

16 permanent magnets
8 permanent magnets
Similarly to the previous case, the four magnetic field configurations were arranged using 8 permanent magnets. In this case the axial space between the adjacent magnets is 100 mm. The magnets were fixed axially near the A-1 and A-3 electrode positions.
The results are also presented in Table 1 . The symbols (NN) and (NS) mean the configurations of uniform and alternative magnet direction as before. The reduction of IJI,, is much less than the case for 16 magnets case except for the case {NN)(B). That may be due to the weak and nonuniform magnetic field compared to the previous case, especially at the A-2 electrode position (between the axially adjacent magnets). 
Permanent Magnets
Uniform solenoidJeld
As a next step a solenoid was winded around the test chamber and a uniform solenoid field was applied. The axial distributions of l,,/Z,, for three magnetic field strengths, 30 G, 60 G and 90 G, are presented in Figure 4 .
The peak values of Idr, among the A-1 -A-3 electrodes are summarized in Table 2 . For the magnetic field larger than 60 G, the reduction is almost same as the case of the
.. . permanent magnets of (NNNN) in Sec.3.1. On the view point of making a uniform magnetic filed, however, the solenoid field is easier than that of permanent magnets.
Alternative solenoid field
Here the previous solenoid was divided to a half and the alternative solenoid field was generated. The length of each solenoid is about 65 mm. The magnetic field changes oppositely at the axial position of A-2 electrode.
The peak IjZb is presented in Table 2 with a symbol of (Alt}. As expected the IJlh is only a half even for the magnetic field of 60 G compared to the case of no magnets. The peak was recorded at the A-2 electrode.
Egect of saw-tooth sur$ace
The saw-tooth surface was found to be effective to reduce the photoelectron yield [2] . Here the uniform solenoid field was combined to the saw-tooth surface. The results are also listed in Table 2 with a symbol of {Saw). Even without the magnetic field the iJlb is about 7 % of the case of smooth surface. By applying the solenoid field, the reduction becomes much effective and reduce to 0.3 % at 60 G.
Egect of positive potential
The measurements so far have been performed in the condition that the electrode is at the ground potential. Actually, the positron beam produces the positive potential around the beam and attracts the photoelectrons emitted from the surface. So the measurement was also performed applying +70 V on the electrode for the smooth and the saw-tooth surfaces. The results are shown in Table 2 with a symbol of (+70V).
By applying +70 V, the Idr, increased by one order of magnitude compared to the ground bias case without magnetic field for both surfaces.
With the external solenoid field of 42 G, however, the I l l b decreased to less than about 6 % of the case without solenoid filed for both surfaces. That means the external solenoid field will be 
SUMMARY
The external magnetic field was found to be useful to reduce the photoelectrons at the beam position. The uniformity of field was important to suppress the electrons effectively. The magnetic field larger than 50 G reduce the photoelectrons to less than 10 % at the beam position. The magnetic field was also effective even with a positive potential. Until now, the solenoids were actually winded around the LER beam chamber for about 1200 m out of 3100 m of the KEKB ring. The strength is about 45 G just near one solenoid. The solenoid field worked effectively to reduce the blow up of the beam size [ 3 ] . 
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